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Abstract

Soybean [Glycine max (L.) Merr.] is grown in many countries and climates. Twenty-two North American soybean cultivars

from six different maturity groups were grown from seed under the same conditions. Measurement of metabolic heat rate of

leaf tissue with a scanning calorimeter revealed that the slope of heat rate versus temperature when plotted on Arrhenius axes

showed abrupt changes re¯ecting changes in metabolism. The chilling response temperature for all cultivars was near 17.58C.

The maximum tolerable temperature for all cultivars was near 43.58C. Differences in response to temperatures between the

extremes relate to maturity group, follow latitudinal trends, and represent adaptation to different climates. Smaller differences

were also observed between cultivars in the same maturity group. Selection of cultivars of soybean for best growth in different

climates has resulted in relatively rapid adaptation to local temperatures. # 2000 Elsevier Science B.V. All rights reserved.
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1. Introduction

Soybean [Glycine max (L.) Merr.] cultivars are

placed in maturity groups that identify zones of adap-

tation based on rate of maturation and development.

Metabolism in¯uences and is an indicator of plant

growth rate [1±3]. Substrates required for tissue con-

struction and growth are closely related to metabolic

processes [4±6]. Metabolic comparisons of cultivars

from different maturity classes at different tempera-

tures may help guide future selections of new soybean

genotypes for growth in a given climate. The purpose

of this study is to determine metabolic heat rates for

several cultivars from different maturity groups over a

wide range of temperatures, and seek correlations with

climates of origin.

2. Materials and methods

Soybean [Glycine max (L.) Merr.] seed was

obtained from Canada, Iowa, and Mississippi in

1994 and kept refrigerated until germinated. Cultivars

from Canada were OT 92-12, Maple Presto, and

Maple Ridge from maturity Group 000; AC Harmony,

Maple Glen, and Maple Isle from Group 00; and AC

9063, Maple Arrow, and Maple Donovan from Group

0. Cultivars from Iowa were in maturity Group II:
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Lindarin 63, BSR 201, Pride, B216, 92.592, and

Hawkeye 63. From Mississippi the cultivars in matur-

ity Group IV were DP 3478, Pioneer 9501, HBK 49

and RA 452. Other southern cultivars from Group V

were Asgrow 5979, Hutcheson, DP 3589, and Pioneer

9592.

Plants were grown from seed in an organic potting

mix in 1 l pots with a 16 h photoperiod maintained at

20±238C. Plants were watered daily with 100 ml of

Hoagland nutrient solution. Measurements were made

at approximately the 10 day/six leaf stage. Stages of

plant development are according to Fehr et al. [7].

Calorimetric data were obtained for 22 cultivars

(Table 1).

Recently unrolled trifoliates at the V3 develop-

mental stage [7] were removed from plants and

metabolic heat rates measured by continuous tem-

perature scanning calorimetry (Hart Scienti®c model

7707, Pleasant Grove, UT) according to previously

published procedures [8]. Temperature was scanned

at 108C hÿ1 from 10 to 558C with data collected every

minute. Lea¯ets were then oven dried at 708C and

metabolic heat rate calculated on a dry weight basis

(mW mg/DW). Calorimetric scans were made for three

different plants from each cultivar. Data presented is

the mean of the three scans with standard error

indicated. Metabolic heat rates for each cultivar were

plotted on Arrhenius axes, i.e. ln(heat rate) versus Tÿ1

Table 1

Temperatures (8C) of abrupt slope changes in Arrhenius temperature scans between 10 and 558C. Each value is average�calorimeter drift of at

least two continuous scans. Maturity groups range from Ontario, Canada (Group 000) to Mississippi, USA (Group V)

Cultivar Observed slope changes (8C) Tmax

Maturity Group 000

Maple Presto 17.7�0.5 25.8�2.1 44.0�1.0

Maple Ridge 16.3�0.5 26.5�0.5 44.0�1.0

OT 92-12 15.0�0.4 25.4�1.9 44.5�0.5

Maturity Group 00

AC Harmony 16.6�0.4 24.0�1.0 43.0�1.3

Maple Glen 15.7�0.4 25.0�1.0 42.3�0.2

Maple Isle 17.7�0.5 25.7�0.9 42.2�0.9

Maturity Group 0

AC 9063 16.5�1.2 24.8�1.0 42.2�0.9

Maple Arrow 17.0�0.0 23.7�0.5 42.7�0.5

Maple Donovan 16.7�0.4 23.7�0.9 43.7�0.9

Maturity Group II

Lindarin 63 17.5�0.0 26.0�0.0 43.0�0.0

BSR 201 17.5�0.0 26.0�0.0 45.0�0.0

Pride B216 17.5�0.0 27.0�0.0 43.0�0.0

92.592 17.5�0.0 26.0�0.0 43.0�0.0

Hawkeye 63 17.5�0.0 26.0�0.0 33.0�0.0 43.0�0.0

Maturity Group IV

RA 452 16.5�0.5 29.0�1.0 36.0�0.0 44.5�2.5

HBK 49 17.8�1.8 27.0�1.0 36.7�0.5 44.7�1.3

DP 3478 18.3�0.8 27.8�0.3 37.5�0.0 43.3�0.8

Pioneer 9501 17.7�0.5 28.7�0.5 37.2�0.2 42.5�0.0

Maturity Group V

Asgrow 5979 18.0�0.0 23.7�0.5 36.0�0.04 44.3�0.9

Hutcheson 17.8�1.0 28.2�0.6 37.7�0.2 44.0�1.0

DP 3589 16.2�1.0 24.3�0.9 36.8�0.8 44.7�1.3

Pioneer 9592 16.2�0.6 29.7�0.5 35.7�0.5 44.3�0.9
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(Kÿ1) and the plots examined for abrupt changes

in slope. Each plot contains about 150 data

points; lines shown are linear connections between

points. Temperatures at which the slope changed,

indicating a change in the metabolic reactions, are

reported for each cultivar, as well as the temper-

atures where the maximum metabolic heat rate was

observed.

3. Results and discussion

Fig. 1 illustrates the data obtained with the micro-

calorimeter. Maple Glen is from maturity Group 00,

Pioneer 9592 is from maturity Group V, while Haw-

keye is an older cultivar from maturity Group II. The

vertical arrow points associated with each curve iden-

tify temperatures of slope-change indicating ther-

mally-triggered metabolic changes. Similar curves

have been obtained in triplicate for all 22 cultivars.

Temperatures of abrupt slope changes in Arrhenius

curves for all cultivars and maturity groups are given

in Table 1. A chill response occurred below 17.58C
(range 15.0±18.38C) [2,9]. A second slope change was

evident around 278C (range 24.0±29.78C) for all 22

cultivars. A third slope change occurred around 358C
(range 33.0±37.78C), but only in the southern maturity

Groups IVand V, and Hawkeye in Group II. The slope

change occurring at the highest temperature in all

maturity classes and cultivars was at 43.58C (range

42±458C) and represents response to high temperature

stress.

Soybean respiration rates were greatest in lea¯ets

recently unrolled (V3), where a greater portion of the

leaf is involved in cell division and expansion than is

the case for older leaves. Similarly, Sesay et al. [10]

found that respiration rate declined consistently with

leaf age, and others have suggested this is due to

maintenance respiration dominating in older leaves

[11,12]. Kishitani and Shibles [13] reported that

mature leaves from a high yielding soybean cultivar

respired less than a low yielding cultivar. Our gas

exchange results (data not included) did not show a

clear relationship between respiration rates and matur-

ity classes. Interpretation of the relationship between

temperature, respiration, and yield is dif®cult [14].

A technique has been developed [2] that allows a

determination of both respiration rate and heat rate

for the same tissue at different temperatures. The ratio

of the two is a measure of metabolic ef®ciency.

Ef®ciency as well as respiration can affect crop yield.

Our attempts to measure ef®ciency failed however,

apparently because of sensitivity of the soybean leaves

to handling and/or changes in CO2 concentrations

[12,15,16].

Scanning experiments provide useful insights into

the temperature-growth relation by revealing tempera-

tures where metabolism changes. Low and high stress

temperatures are similar for all cultivars and maturity

groups, thus it would seem that all soybeans have a

relatively recent common origin. But, as seen in Table

1, differences were found between maturity groups at

intermediate temperatures. Knowing the temperatures

where changes in metabolism occur may assist in

selection of appropriate soybean cultivars for speci®c

climatic conditions.

Fig. 1. Sample curves from temperature scanning experiments for

one cultivar from each of three maturity groups. Maple Glen is

from maturity Group 00; Hawkeye from maturity Group II; and

Pioneer 9582 from maturity Group V. The raw data were blank and

heat capacity corrected, then plotted on Arrhenius axes. Arrows (v)

indicate temperatures of abrupt deviations from linear Arrhenius

behavior which signify changes in metabolic reactions in the

tissues. Each plot contains about 150 data points; lines shown are

linear connections between points.
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4. Conclusions

1. The chilling response temperature for all 22

cultivars was near 17.58C and the maximum

tolerable temperature for all cultivars was near

43.48C, indicating that all cultivars have a recent

common origin.

2. Between the extreme temperatures, differences in

metabolic response to temperature were related to

maturity groups, follow latitudinal trends and

represent adaptation to different climates.
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